Demand for bioenergy is expected to triple by 2050 as a result of policies aimed to improve energy independence and mitigate global climate change. We review forest practices that generate biomass in mesic forests and show that they vary widely in intensity and potential magnitude of the effects on biodiversity. Although increased demand for bioenergy may incentivize maintaining forestland, increasing economic value of woody biomass will probably stimulate more intensive management practices, impacting many species, especially those associated with deadwood. The spatial extent of habitat modification and the type and degree of management will have an impact on populations of sensitive species. We propose preliminary management guidelines to minimize biodiversity impacts and introduce an initial research agenda to test the sensitivity of forest biodiversity to bioenergy practices at multiple scales.
I
ncreasing energy demand and concerns about global climate change have prompted interest in renewable energy development worldwide. Policies supporting modern bioenergy production are in place in many developed and emerging countries including Brazil, Canada, China, South Africa, the United States, and members of the European Union. Global demand for bioenergy is expected to triple from 50 exajoules (EJ) today to 160 in 2050 (International Energy Agency 2012). Meeting these demands will require substantial development of bioenergy crops, including woody biomass. Importantly, to prevent bioenergy from affecting food prices, China and the European Union recently capped the proportion of bioenergy that can be derived from food-based sources (Nesbitt et al. 2011 , European Commission 2012 , which will increase the focus on forest sources. An example of the potential for growth in this industry is reflected in recent US Department of Agriculture-funded projects ($156 million) designed to explore the use of woody biomass to fuel commercial and military flight (Northwest Advanced Renewables Alliance 2011).
Woody biomass offers a renewable alternative to fossil fuels, reducing the need for oil, natural gas, or coal for electricity or heat production. In the course of providing feedstocks for bioenergy, forest management shapes habitats by manipulating stand structure and longevity as well as altering forest landscape composition, which can have profound impacts on biodiversity (e.g., Bengtsson et al. 2003) . Forest biodiversity represents not only the species associated with forest systems-from soil microbes to top predators-but also genetic diversity, landscape structural heterogeneity, and ecosystem diversity. Biodiversity has been linked to a wide range of ecosystem services, such as biomass yield, carbon sequestration, erosion control, and others (Bengtsson et al. 2000 , Tilman et al. 2001 , Puettmann et al. 2009 ). Forest management for woody biomass, therefore, has the potential to affect biodiversity and ecosystem services by altering stand, as well as landscape, complexity. Current reviews and meta-analyses on the topic of forest bioenergy and biodiversity , Bouget et al. 2012 ) focus on the local-scale (i.e., the level of an individual stand) effects of particular management practices. However, several studies have suggested that landscape composition and pattern can have strong impacts on site-level biodiversity (e.g., Bengtsson et al. 2003 , Betts et al. 2010 , Bouget et al. 2012 . Therefore, a perspective considering multiple practices at the local, landscape, and regional scales is essential for defining a research agenda and developing bioenergy-biodiversity policy and management. Here, we (1) review known stand-level biodiversity impacts from a suite of the most common forest practices that pro-duce woody biomass energy feedstocks in mesic forests, (2) identify the elements of biodiversity most likely to be sensitive at the stand and landscape scales, (3) outline future research needs, and (4) provide initial recommendations for mitigating the effects of biomass harvesting on forest biodiversity. We focus on productive mesic forests because they have the greatest potential to deliver a high volume of biomass per area (US Department of Energy 2011) and therefore are likely to experience the greatest pressure from bioenergy extraction in the coming decades. In addition, for these forests, there is a long history of research on the impact of silviculture on biodiversity.
Forest Biomass Practices and Their Potential Site-Level Impacts on Biodiversity
Woody biomass harvest practices are highly variable in the amount of bioenergy produced and the likely severity of their impact on biodiversity (Table 1; Figure 1 ). Broadly speaking, the primary sources for bioenergy in mesic forests fall into three major categories: residues from existing logging operations, thinning and cleaning operations, and short-rotation, high-yield plantations and woody crops. These form a gradient in forest management intensity defined as increasing resource input and wood output (Nyland 2002 , Puettmann et al. 2009 ). We highlight some of the findings from stand-level studies of biomass extraction techniques to provide a sense of the types of impacts; more detailed reviews are available for specific management practices and regions (e.g., Bunnell and Houde 2010 , Bouget et al. 2012 .
Logging residues used for bioenergy include small-diameter trees, branches, tops, and stumps (Figure 2A-C) . Whole-tree harvesting for bioenergy clearly reduces the amount of future deadwood in forests because very little slash is left behind (Egnell 2011) . With use of more traditional harvesting methods, the proportion of logging residues (slash) available for bioenergy is variable, with estimates ranging from 58 to 79% in Finland (Nurmi 2007) and from 70 to 80% in Alberta (Kumar et al. 2003) and British Columbia (Akhtari et al. 2013) ; removal of this slash will decrease the availability of down deadwood. Because larger pieces are more efficient for biomass harvesting (Spinelli et al. 2011) , there is an incentive to prioritize removal of the larger pieces. Species associated with these structures are at the greatest risk over shorter terms and at stand scales. The amount and type of deadwood in native forests varies substantially but is generally far greater than in forests
Management and Policy Implications
Forest biomass use for energy is projected to increase due to policies promoting renewable energy sources. However, forest biomass harvesting strategies are highly diverse and have differing degrees of impact on forest biodiversity. Biomass harvesting is likely to result in increased utilization of forest elements previously considered to be "waste." For instance, greater rates of biomass extraction as a result of thinning or harvesting slash will cause reduced abundance of snags and coarse and fine wood in the future and potential declines in biodiversity associated with these features. In silvicultural systems designed primarily for biomass production (e.g., short-rotation woody crops and intensively managed plantations), there may also be greater effects on biodiversity associated with vertical and horizontal stand complexity. Although stand-level impacts may be estimated based on the habitat requirements of species, there has been little empirical research that tests for thresholds in the amount of bioenergy harvest above which native species are at risk; such vulnerability will be a function of both the area of land modified by bioenergy harvest and the intensity of management implemented. As the biomass-oriented harvests become increasingly common, it will be essential to examine both the stand-and landscape-level implications of these management practices on biodiversity. that have been managed intensively for several rotations (Bunnell and Houde 2010). For example, in Sweden, deadwood comprises 30 -40% of wood volume in unharvested stands, declining to 20% after one rotation and to about 1% after several rotations of intensive management (Angelstam 1997) .
Numerous species are associated with or reliant on deadwood habitats (Bunnell and Houde 2010) . Although birds seem to show only modest effects of downed wood removal , several species, such as the pileated woodpecker (Dryocopus pileatus) ( Figure 3A) , nest in cavities and forage on insects in standing and down deadwood. A substantial suite of lesser-known taxa appear to be highly sensitive to downed wood removal. For instance, a Finnish study revealed that 4,000 -5,000 species (20 -25% of forest-dwelling species in Finland) are known to depend on deadwood (Siitonen 2001) ; most of these species are cryptogams, macrofungi, and invertebrates (Berg et al. 1994) . In Fennoscandia and northwest North America, 72 and 68% of epiphytic lichens are associated with deadwood (Spribille et al. 2008 ). These wood-associated organisms are influenced by decay stage, species, size, and exposure of their substrates (Spribille et al. 2008, Bunnell and Houde 2010) (Figure 3B and C). Downed logs also provide substrates for native plant and tree establishment (Peter and Harrington 2012) . When down woody material falls in streams, it affects sediment trapping, aeration, and fish habitat (Bunnell and Houde 2010) . At least eight species of terrestrial breeding salamanders in the northwest United States are strongly associated with fallen logs (Bunnell and Houde 2010) ( Figure 3D ). Slash piles provide denning and foraging habitat for numerous species, particularly rodents and mustelids (Bunnell and Houde 2010). Invertebrate and fungal communities associated with deadwood also affect higher trophic level species; for example, insects from logs accounted for approximately 30% of the black bear (Ursus americanus) diet in northeast Oregon, USA (Bull et al. 2001) . Stumps provide somewhat different habitat than downed logs and slash for a diversity of species including rare beetles and lichens (Bouget et al. 2012) .
Thinning operations harvest woody biomass from both naturally regenerating and managed plantation forests, including precommercial and commercial thins in even-aged stands ( Figure 2D ). In plantation forests where regeneration often results in a dense canopy layer, thinning has the potential to create canopy openings and increase the vertical heterogeneity of a stand (Wilson and Puettmann 2007) . Selection cutting in uneven-aged stands, although it is driven by different silvicultural objectives, can have similar effects on canopy structure. Thinning in even-aged forests of the northwest United States typically stimulates native understory development and the abundance and diversity of avian communities (Cahall et al. 2013 ). However, some mammals such as the northern flying squirrel (Glaucomys sabrinus) can be negatively affected (Manning et al. 2012) . Forest thinning often has neutral or even positive effects on diversity and abundance of forest-dwelling birds and mammals . However, thinning with biomass removal objectives can decrease the amount of deadwood left in stands, which has been shown to have a negative impact on forest arthropod abundance (Nadeau et al. 2015) and may have cascading influences on species associated with these structures (Cahall et al. 2013) .
Plantations managed on short rotations constitute a third source of potential for biomass ( Figure 2E ). Intensive forest management for wood production has been linked to species declines associated with loss of habitat structural complexity and seral stages (Lindenmayer et al. 2000) . Further, several silvicultural activities associated with shortrotation forestry have been shown to influence the diversity of early seral-associated species (Swanson et al. 2010 , Betts et al. 2013 ). Other products of intensive forest management (e.g., lumber and pulp) often have higher value than bioenergy feedstock in most regions; clearly harvest practices are adjusted to provide products that yield the greatest revenue and are in the highest demand. If prices for forest biomass increase, pulpwood could become more available for bioenergy purposes (Table 1 ) (US Department of Energy 2011). Importantly, plantations managed for bioenergy produce feedstock rapidly and need not be as large in diameter as those for the production of lumber, so they can be managed using shorter rotations (Carle et al. 2011) .
Dedicated short-rotation woody bioenergy crops such as hybrid willow (Salix) (Figure 2F ) and poplar (Populus) can be managed less intensively in coppice systems or more like agricultural crops and annually produce 1.2-5.1 metric tons per ha, depending on region, variety, and management intensity (US Department of Energy 2011). Intensively managed short-rotation woody crops lack the down wood, cavities, structural complexity, and stand continuity of unmanaged and less intensively managed forests (Christian et al. 1998) . However, where agricultural land is replaced by woody bioenergy crops, habitat for forest-dwelling organisms should improve. For example, bird species richness and nest success in short-rotation willow coppice systems are comparable to those in early-seral woodland habitats and are greater than those in nearby agricultural land (Volk et al. 2004 ). Opportunities to increase habitat heterogeneity include varying crop variety and staggering harvesting ages (Volk et al. 2004) .
One of the largest concerns expressed about the likely effects of biomass harvesting is the degree to which such practices affect forest soil structure, moisture, temperature, nutrient availability, and biotic communities (Raulund-Rasmussen et al. 2008) . Soil structure in most short-rotation woody crops is altered by tilling and planting. Increased equipment traffic often required by biomass removal will probably result in increased soil disturbance with biomass harvesting, especially with fewer residues protecting the forest floor. Soil microhabitats are altered by changing forest management; for example, after whole tree harvests, temperature extremes are greater and soil moisture loss from evaporation is greater than in stands in which only the boles were harvested (Roberts et al. 2005) . Retained residues and stumps provide thermal buffering (Roberts et al. 2005 ) and potential microrefuges for soil organisms. Deprived of decaying branches and leaves, soil organic matter may decline. In boreal forests, soil organic matter is derived mostly from roots and associated fungi (Clemmensen et al. 2013) , suggesting that stump removal could reduce soil organic matter substantially. Intensified biomass harvest can lead to increased nutrient exports because nutrients are concentrated in small branches, twigs, leaves, and roots (Raulund-Rasmussen et al. 2008 ). Short-term studies from the northwestern United States show only minor effects of bioenergy harvest on nutrient availability (Holub et al. 2005) and 10-year results from the North American long-term soil productivity study suggest that forest floor removal reduced the soil carbon concentration, but biomass removal did not affect tree growth (Powers et al. 2005 ). However, no study to date has matched the temporal scales over which nutrient depletion is expected to occur. Long-term studies are rare because bioenergy production is a relatively new practice. If "bottom-up" control plays a role in governing ecosystem structure, alterations to nutrient cycling could propagate across food webs to influence both aboveground and belowground detritivores, herbivores, and predators.
Bioenergy harvest-induced changes in the soil matrix are highly likely to affect soil communities, which are often more diverse than aboveground communities (Wardle 2006) . European studies have shown largely negative impacts of slash removal on soil arthropod communities (Bouget et al. 2012) . Soil predators and mobile arthropods were reduced for up to 10 years after residue harvest in Sweden (Bengtsson et al. 1998 ). Mycorrhizal abundance declined after deadwood harvesting in a long-term Swedish experiment (Mahmood et al. 1999) ; however, some short-term studies have detected no effects on these taxa (Hagerberg and Wallander 2002) . Soil exposed through stump harvesting in Finland supports fewer soil organisms than intact soil (Kataja-aho et al. 2011 ). In the northwestern United States, several forest floor and soil microarthropod species declined in abundance 16 -41 years after thinning (Peck and Niwa 2005) .
Landscape-Scale Implications of Woody Bioenergy Harvest
Forest management for bioenergy will undoubtedly have effects on biodiversity at local scales; however, the spatial extent of these habitat alterations across the landscape will ultimately determine compatibility with biodiversity ( Figure 4) . It is impossible to maintain all biodiversity and processes at the local scale; conservation of a range of forest types is necessary to support biodiversity at a landscape scale (i.e., gamma diversity). How much biomass harvest can take place at the landscape level before it compromises gamma diversity and ecosystem functioning and reduces population viability of native species? This depends on three factors: the degree of impact from biomass harvesting at the stand level, the length of time harvested stands remain "nonhabitat" for the range of sensitive native species associated with later seral stages or deadwood, and the dispersal capacity of organisms to recolonize managed stands, which may be a function of the spatial configuration of forest management practices. Species associated with deadwood that persists over several decades, such as the beetle Osmoderma eremita, often have low dispersal ability (Jonsson et al. 2005 ) and therefore poor capacity to recolonize vacant habitat patches. If biomass harvests occupy a substantial portion of the landscape, therefore limiting recolonization, local and possibly even landscape-scale extirpations could occur. On the other hand, species with high movement capacity, especially those associated with early stages of wood decay, may recolonize stands harvested for biomass as soon as the stands develop the necessary structural characteristics (Jonsson et al. 2005) .
Bioenergy development may have a positive effect on some elements of forest biodiversity if it spurs investment in forests compared with other land uses. For example, global forestland is predicted to increase by 20 million ha by 2030 if forest residues are harvested for bioenergy and lands currently used for other purposes are permitted to be converted to forest bioenergy production (Daigneault et al. 2012 ). However, there has been debate about whether policy should allow bioenergy development on land previously cultivated for food crops (e.g., Searchinger et al. 2008) . Nevertheless, new forests established for bioenergy production are unlikely to contain the same degree of structural and compositional complexity as less intensively managed forests. If bioenergy markets encourage investment in forests as predicted (Daigneault et al. 2012) , the spatial extent of urbanization may be somewhat curtailed by the high value of adjacent forestland.
In general, where demand for bioenergy grows, we can expect greater forest management intensity, extent, or both (Table 1) . Significant harm to gamma diversity is most likely when large portions of the landscape are managed intensively (Hunter 1990 ). Low-intensity, large-extent management may still cause local extirpations of some species that are highly sensitive to removal of woody substrates . Practices occurring at high intensity but small spatial extent may extirpate several forestdwelling organisms in those stands, but populations are likely to be sustained at the regional scale (Figure 4 ). A key challenge, then, is to determine thresholds in biomass harvesting extent and intensity before the key components of biodiversity decline (Andrén 1994) . Unfortunately, such research will require substantial investment because losses may only emerge over the longer term and when biomass harvest is applied at large spatial scales.
Can Wood-Based Bioenergy Reduce Greenhouse Gas Emissions?
Because little is known about the longterm effects of intensive forest biomass harvest on biodiversity, some would argue that the "precautionary principle" applies (Cameron and Wade-Gery 1991); in other words, the argument is that society should refrain from forest biomass harvesting until the effects are better understood. Alternatively, some argue that a benefit of biomass harvesting comes in the form of climate change amelioration due to increased reliance on forest bioenergy (Lippke et al. 2012) , with subsequent positive implications for species being affected by climate change. For instance, Thomas et al. (2004) forecasted that 15-35% of terrestrial species are committed to extinction by 2015 under current climate change scenarios. It is therefore critical to evaluate the relative magnitude of land-use versus climate stressors. It will also be important to assess whether the removal of biomass from forests presents biodiversity concerns that outweigh potential carbon reduction benefits from the use of bioenergy. Unfortunately, to our knowledge, no research exists that has weighed the relative impacts to biodiversity posed by climate versus bioenergy harvest. Developing rational land-use and climate policies will be extremely challenging in this apparent science vacuum.
A second key question when relating biodiversity benefits versus costs of bioenergy is whether forest bioenergy is likely to reduce the magnitude of future climate change. Interestingly, there has been substantial debate over whether forest bioenergy instead of fossil fuel energy development will reduce greenhouse gas emissions (Hudiburg et al. 2011 , Law and Harmon 2011 , Gunn et al. 2012 , Lippke et al. 2012 , Mitchell et al. 2012 , Walker et al. 2013 , Ter-Mikaelian et al. 2015 . Some studies focus on established plantations or regulated natural forests where carbon neutrality is assumed because carbon is absorbed by forest regrowth as fast as it is harvested (Lippke et al. 2012) . However, research focusing on forest carbon dynamics generally concludes that balances can be positive or negative over time, depending on the context (Schlamadinger and Marland 1997 , Law and Harmon 2011 , Walker et al. 2013 , Ter-Mikaelian et al. 2015 . In some cases, trees may better mitigate climate change as carbon sinks in the forest than as bioenergy feedstocks (Hudiburg et al. 2011) . The amount of carbon released when land is converted is called the "carbon debt" (Fargione et al. 2008) . For example, an old forest converted to a shortrotation plantation forest may take 19 to Ͼ1,000 years to repay the carbon debt (Fargione et al. 2008 ) incurred when the old forest was liquidated (Mitchell et al. 2012) . Even where conversion is not taking place, some studies have shown there are excess emissions from bioenergy compared with those from fossil fuel energy sources that may persist for decades (McKechnie et al. 2010 , Walker et al. 2013 or centuries (Holtsmark 2012) . At the opposite end of the spectrum, a new forest for bioenergy production on a historically agricultural site can increase the carbon stored within 1 year (Mitchell et al. 2012) , although land-use changes can have undesirable consequences such as food shortages or the risk that the lost agricultural land will be replaced by converting existing forestland elsewhere (Searchinger et al. 2008 ). In the midst of ongoing work to assess the short-and long-term carbon benefits from forest management for bioenergy, recent Intergovernmental Panel on Climate Change reports are largely positive toward further forest bioenergy research and development (Chum et al. 2012 ).
Initial Management Recommendations
Despite the complexity of managing landscapes to balance bioenergy harvest and biodiversity, we suggest key principles that, in the absence of extensive bioenergy-specific research, may serve as a preliminary guide. Although these principles have been stated before in the context of biodiversity in managed forests (e.g., Lindenmayer and Cunningham 2013), they bear expanding in the context of bioenergy harvest.
Do not apply the same management prac-
tices across the entire landscape. Maintaining heterogeneity at the landscape level is most likely to ensure stand structures and compositions that support the full range of native biodiversity. Because economic efficiency is typically maximized through homogeneity of forest management at the stand and landscape levels, maintaining heterogeneity is likely to incur economic costs; however, heterogeneity can also increase flexibility to adapt to uncertain social and environmental conditions (Puettmann et al. 2009 ). Planning should ensure that stands with structural complexity including deadwood are spatially interspersed with biomass harvests. The scale of this interspersion will vary, depending on the system and can potentially be informed by the historical range of variation in landscape configuration (Attiwill 1994) or dispersal distance of focal taxa expected to be highly dependent on deadwood (Simberloff 1998) . The key will be to provide nearby "source" habitat for species that are sensitive to the initial impacts of bioenergy harvest without fragmenting the landscape to the extent that it negatively affects movement-limited species.
Maintain deadwood across a range of decay classes at stand and landscape scales.
Portions of the landscape must retain amounts of deadwood comparable to those in natural conditions; in some ecosystems, native forests often have considerable deadwood biomass (Spies et al. 1988 , Angelstam 1997 . Furthermore, since deadwood communities vary, depending on decay stage, exposure, size, and species, ensuring maintenance of a wide array of deadwood will be necessary. Some Fennoscandian regions have made progress toward quantitative deadwood targets that depend onsite, history and quality . Several US states currently suggest retaining about 20 -30% of coarse woody material scattered onsite, depending on site quality and treatment (US Department of Energy 2011). In some locations, a proportion of logging residues are burned onsite in preparation for regeneration treatments and would not be available for biodiversity (Miner et al. 2014 , TerMikaelian et al. 2015 ; however, more intensive deadwood harvesting is likely to decrease forest biodiversity, so the spatial extent of deadwood harvesting should be limited. Studies testing for stand-and landscape-scale thresholds in deadwood are not available but could be performed in a manner to that of other studies documenting landscape-level thresholds (e.g., Betts et al. 2010 ). Such thresholds, should they occur at all (Brook et al. 2013) , may be highly context dependent (Betts et al. 2010 ).
3. Adhere to principles of biodiversity conservation. The principles of "new forestry," which emphasizes biodiversity considerations (Swanson and Franklin 1992 , Lindenmayer et al. 2000 , Franklin and Johnson 2012 , should apply equally in landscapes managed for bioenergy extraction. Particularly relevant will be efforts to (a) retain stands with old-growth and diverse early-successional structures to ensure suitable microhabitats for species of conservation concern that are sensitive to forest harvesting, (b) where possible, favor regeneration techniques that enhance or maintain horizontal habitat heterogeneity, (c) protect some proportion of sensitive landscape features such as watercourses and vernal pools from forest harvesting, and (d) maintain a minimum amount of suitable habitat on the landscape to counter landscape-level effects of habitat loss and fragmentation; importantly, it needs to be recognized that "habitat" is a species-specific concept (Betts et al. 2014) . These concepts could be broadly applied using an existing standards-based certification program (e.g., Forest Stewardship Council 1 ).
Consider a "triad-approach" to bioenergy management.
Where forestland-use is strategically planned, the land base can be divided into a triad of protected areas, extensive management, and intensive management (Seymour and Hunter 1992, Bormann et al. 2007) . Finer distinctions within a category, such as "close to nature forestry" and "medium combined-objective" forestry, could allow more detailed planning (Duncker et al. 2012) . The central notion of such efforts is that intensification of forest management (and consequent gains to timber/biomass harvest volumes) allows a greater extent of the remaining forest landscape to be maintained with habitat conservation as a primary objective. Low-intensity biomass harvesting reflects more "extensive" management and could potentially be more broadly applied, if economically viable. Key future research will be on the relative proportions of these categories that optimize tradeoffs between biodiversity conservation and bioenergy production.
Use an adaptive management framework.
Because species' responses to biomass harvesting are difficult to predict, initial target conservation measures will need to be monitored carefully and potentially changed to reflect scientific advances. Targets in biodiversity conservation have been established for across a range of scales from population genetic variability to the structure and amount of habitat (Jonsson and Villard 2009) . We suggest adopting the adaptive management framework by establishing biodiversity targets and continuing to research and monitor soils and populations of species in managed forests (Bormann et al. 2007 ).
6. Prioritize conservation areas. Globally, regions with exceptional biodiversity or endemism associated with deadwood or other structures threatened by bioenergy practices should be priority candidates for conservation areas withheld from biomass harvesting (e.g., Wilson et al. 2006) .
Future Research on Woody Bioenergy
The potential impacts of forest bioenergy development are poorly known in many regions. We suggest three key priorities for future research:
1. Quantify species' tolerances and dispersal abilities. Long-term data are needed on the conditions under which putative sensitive species persist in stands after biomass extraction and the speed at which these species recolonize harvested sites within the shifting forest mosaic. (Searchinger et al. 2008 ). There is a need for a full-cost accounting of climate impacts of bioenergy in relation to the potential negative changes to biodiversity and forest productivity caused by increasing forest management intensity.
Conclusions
Demand for forest bioenergy feedstock will continue to increase, given broad-scale government policies to increase production (International Energy Agency 2012). As the amount of area in bioenergy management increases, it will be critical to understand its impacts on biodiversity in mesic and other forest types. Given the large number of organisms that rely on deadwood, the impacts of biomass extraction are unlikely to be trivial. Because forest biodiversity contributes to ecosystem services and is valued by society, managers should choose practices that minimize impacts, and researchers must initiate broad-scale research plans designed to test the sensitivity of forest biodiversity to a wide array of bioenergy management practices. 
